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TI [Amino acid composition, heterogeneity and antiheparin activity of 
protamine sulfate from the milt roe of the sturgeon Acipenser 
sturio] . 

Aminokislotnyi sostav, geterogennost ' i antigeparinovaia aktivnost' 

protamina sul ' f ata molok osetra Acipenser sturio. 
AB The homogeneous preparation of protamine sulphate is obtained 

chromatographically and electrophoretically from milt roe of the sturgeon. 

Its amino acid composition and properties are studied. The methods to 

blockade the functional groups of protamine sulphate amino acids 

is used to investigate the possible mechanism of heparin 

inactivation. 
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TI Coated surfaces for immobilizing negatively charged anticoagulating 

agents from blood fluid 

AB A wound closure apparatus is provided which utilizes blood fluid by 

activating the clotting cascade of blood fluid outside the body within a 
substantially enclosed sterile container then introducing, the blood 
fluid to the wound site to complete clotting. An apparatus for providing 
ways of inhibiting anticoagulating agents, and slowing fibrin clot 
degradation are also disclosed. Kits for practicing the invention 
singularly or in combination with, and/or associated with preferred 
procedures are also disclosed. The invention provides a clotting cascade 
initiation apparatus (1) including a substantially enclosed sterile 
containment chamber within which an aliquot of blood fluid, either 
autologous or from donor sources can be received, and retained. In 
preferred embodiments, the sterile containment chamber further includes 
a heparin binding agent which will bind heparin and remove it from the 
blood fluid. In further embodiments, the containment chamber will also 
include a procoagulating agent, wherein a clotting cascade can be 
initiated when the blood fluid is accepted into the sterile containment 
chamber. 
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TI Clotting cascade initiating apparatus and methods of use 

AB Wound closure methods and apparatus are provided which utilize blood 

fluid by activating the clotting cascade of blood fluid outside the body 
within a substantially enclosed sterile container then introducing the 
blood fluid to the wound site to complete clotting. Methods and 
apparatus for providing ways of inhibiting ant i -coagulating agents and 
slowing fibrin clot degradation are also disclosed. Kits for practicing 
the invention singularly or in combination with and/or associated with 
preferred procedures are also disclosed. The present invention provides 
improved methods of creating hemostasis or control of bleeding at the 
site of wounds, particularly wounds created in arteries during 
procedures employing percutaneous access. The invention preferably 
includes the steps of acquiring an aliquot of a patient's blood, i.e., 
autologous blood, removing a negatively charged ant i- coagulating agent, 
preferably heparin, from the blood, and preferably initiating the 
blood's natural clotting cascades and transporting the thus treated 
blood to the site of the wound where the clotting cascade will be 
completed producing a clot at the wound site that will create a 
condition of hemostasis. The invention further provides a clotting 
cascade initiation apparatus including a substantially enclosed sterile 
containment chamber within which an aliquot of blood fluid, either 
autologous or from donor sources, can be received and retained. In 
preferred embodiments, the sterile containment chamber further includes 
a heparin binding agent which will bind heparin and remove it from the 
blood fluid. In further embodiments the containment chamber will also 
include a procoagulating agent, wherein a clotting cascade can be 
initiated when the blood fluid is accepted into the sterile containment 
chamber . 
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TI Clotting cascade initiating apparatus and methods of use 

AB Wound closure methods and apparatus are provided which utilize blood 

fluid by activating the clotting cascade of blood fluid outside the body 
within a substantially enclosed sterile container then introducing the 
blood fluid to the wound site to complete clotting. Methods and 



apparatus for providing ways of inhibiting anti-coagulating agents and 
slowing fibrin clot degradation are also disclosed. Kits for practicing 
the invention singularly or in combination with and/or associated with 
preferred procedures are also disclosed. The present invention provides 
improved methods of creating hemostasis or control of bleeding at the 
site of wounds, particularly wounds created in arteries during 
procedures employing percutaneous access. The invention preferably 
includes the steps of acquiring an aliquot of a patient's blood, i.e., 
autologous blood, removing a negatively charged anti-coagulating agent, 
preferably heparin, from the blood, and preferably initiating the 
blood's natural clotting cascades and transporting the thus treated 
blood to the site of the wound where the clotting cascade will be 
completed producing a clot at the wound site that will create a 
condition of hemostasis. The invention further provides a clotting 
cascade initiation apparatus including a substantially enclosed sterile 
containment chamber within which an aliquot of blood fluid, either 
autologous or from donor sources, can be received and retained. In 
preferred embodiments, the sterile containment chamber further includes 
a heparin binding agent which will bind heparin and remove it from the 
blood fluid. In further embodiments the containment chamber will also 
include a procoagulating agent, wherein a clotting cascade can be 
initiated when the blood fluid is accepted into the sterile containment 
chamber . 
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TI Process and device for the specific adsorption of heparin 
*AB A process for the specific adsorption of heparin and other heparin-like 
substances which comprises flowing a buffered solution of whole blood, 
from which corpuscular blood constituents have been removed, plasma 
and/or solutions containing whole blood or plasma through an adsorber 
capsule containing a medium that adsorbs heparin and other heparin-like 
substances at an acid pH, preferably in the range of 4.0 to 5.5. 



Preferably, the process is carried out in a closed, extracorporeal 
circulation and the medium possesses anion exchange resin properties. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Point of care heparin determination system 

AB Methods and devices for point of care determination of heparin concentration 
in blood are 

described. Cartridges including protamine ion sensitive 
electrodes (ISEs) and reference electrodes and systems for automatically 
determining 

heparin concentration in the cartridges are provided. Some systems add blood 

to 

a protamine bolus sufficient to bind all heparin, leaving excess 
protamine. The excess protamine concentration can be determined by 
measuring the initial slope of the electrode potential rate of change, and 
comparing the slope to known protamine concentration slope values. In 
some cartridges, an oscillating pressure source moves the blood- 
protamine mixture back and forth across the protamine ISE. 
Some systems also use a second blood sample having the heparin removed or 
degraded to create a blank reference sample. Protamine ISEs can 
include polyurethane polymer, DNNS ionophore, and NPOE plasticizer. The 
polyurethane may include hard segments and soft segments, where both hard 
and soft segments may include cyclic and straight chain aliphatic moieties 
having essentially no ester or ether groups. Some hard segments may 
include methylene di-Ph groups. Some reference electrodes have the same 
polymer, plasticizer, and ionophore as the measurement electrode, but with 
a different concentration of ionophore. 
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TI Amino acid composition, heterogeneity and antiheparin activity of 

protamine sulfate from milt of the sturgeon Acipenser sturio 
AB A homogeneous preparation of protamine sulfate was obtained 

chromatog. and electrophoretically from milt of the sturgeon A. sturio. 

Its amino acid composition and properties were studied. Chemical blockage of 

functional groups of protamine sulfate amino acids was used to 

investigate the possible mechanism of heparin 

inactivation. The results were consistent with previous findings 
that arginine, lysine, and histidine residues in protamine 
sulfate interact with thiol groups in heparin. 
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TI Influence of platelet factor 4 on the neutralization of heparin by 
protamine 

AB Blood platelet factor 4 (PF4) is comparable to protamine sulfate 

in the in vitro neutralization of heparin, but the complexes formed with 
heparin are different. Even with an excess of PF4, no large PF4-heparin 
complexes are formed and none of the complexes are able to activate 
antithrombin III (ATIII) , nor do these complexes dissociate during incubation 



in plasma at 37°. The action of PF4 and protamine is 
complementary, but excess protamine displaces PF4 or prevents 
its complexes with heparin. When excess protamine is used to 
neutralize heparin in the presence of PF4, large heparin-protamine 
complexes are formed incorporating PF4 . In contrast to the heparin- 
protamine complexes formed without PF4, these do not activate 
ATI I I nor do they dissociate on incubation. Since PF4 is liberated during 
extracorporeal bypass procedures, it contribution to the stability of 
heparin-protamine complexes in vivo may influence the amount of 
protamine needed to neutralize heparin as well as affect the 
reactions which have been reported on injection of protamine 
after the procedures . 
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TI Heparin cofactor II assay. Elimination of heparin and antithrombin-III 
effects 

AB Functional assays for heparin cofactor II (HC-II) are based on the 

inactivation of thrombin by HC-II in the presence of dermatan sulfate 
(DS) . Residual thrombin is measured in a chromogenic assay. Interference 
by the antithrombin-III (AT-II I ) /heparin complex, which also rapidly 
inactivates thrombin, must be eliminated from the HC-II test system. Com. 
DS is contaminated with heparin, and plasma specimens to be tested contain 
AT-III. After NaN02/HOAc treatment of DS (to inactivate heparin), there 
was enough residual heparin to cause AT-III interference. Treatment of 
plasma with com. available anti-AT-III antiserum largely, but not 
completely, removed AT-III interference from the HC-II assay. With com. 
available reagents, both NaN02/acetic acid treatment of DS and anti-AT-III 
treatment of plasma were needed to eliminate heparin/AT-III interference. 
Protamine sulfate inactivated DS as well as heparin and could not 
be used to reduce AT-II I /heparin interference with HC-II assay. 
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TI New antagonist of heparin: partially N-oxidized poly-allyldiethylamine 
GI For diagram (s) , see printed CA Issue. 

AB Poly (allyldiethylamine N-oxide) (I) had marked antiheparin activity in 
vitro analogous to that of protamine sulfate, but the direct 
anticoagulant action of I was much less than that of protamine- 
The polymer with 80% of its tertiary amino groups N-oxidized had a lower 
anticoagulant action than the 70% N-oxidized polymer, probably due to the 
lower level of free amino groups present in the former mol . 
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TI Hemostasis disturbance after extracorporeal circulation 

AB An observed increase in the rate of thrombin formation and its subsequent 
degradation, in fibrinolytic activity, and heparin deactivation as well as 
the decrease in antithrombin III, thrombin time, and fibrinogen concentration 
were more pronounced in blood preserved in plastic than in siliconized 
glass containers, and in heparinized than in citrate-acid-dextrose treated 
blood. During perfusions lasting for more than 1 hr, especially after 
protamine addition, and heparin inactivation, 
disturbances in blood coagulation occur. 
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TI Effect of heparin on the inactivation of serum lipoprotein lipase by the 
liver in unanesthetized dogs 

AB The efficiency of the liver in the inactivation of lipoprotein lipase 

(LPL) activity of serum obtained from a donor dog previously injected with 
heparin (20 units/kg.) was studied in intact unanesthetized dogs. The 
extraction ratio (portal vein-hepatic vein percentage difference) of LPL 
activity across the liver was 68% and 42% in 2 dogs. When LPL activity 
was generated by direct heparin injection into the exptl. animal, an extraction 
ratio of 40% was obtained. When 200 units heparin per kg. were injected, 
extraction ratios of only 10 and 4.7% were obtained. Following administration 
of protamine 15 min. after heparin injection, there was marked 
drop in the LPL activity of blood taken from the portal and hepatic veins 
and from the aorta. In a dog infused with heparin (20 units/kg.) LPL 
activity in serum drawn over the 1st 2-3 min. was 6.7 micromoles of free 
fatty acid per ml. serum/60 min. with no serum added to the assay system. 
There was a progressive decrease to 2.8 micromoles as the concentration of 
heparin was increased to 10 units/ml. LPL activity in serum drawn over 
the 9-10-min. interval decreased progressively from 2.4 to 1.5 micromoles 
as the concentration of heparin added to the assay system was increased to 10 
units/ml. Stimulation of LPL activity with increasing heparin concentration 

was 

not observed in either the early or late serum samples. The results 
demonstrate the high efficiency of the hepatic LPL inactivation system in 
vivo. The results also indicate that high levels of heparin can block the 
latter system. A 2-step mechanism for hepatic LPL inactivation is 
suggested. Heparin first forms a complex with the LPL apoenzyme and 
enters the liver by the portal vein. The 1st inactivation step may 



involve the destruction of heparin by a liver heparinase. This step may 
induce dissociation of the heparin-apoenzyme complex after which the apoenzyme 
is destroyed in a 2nd step. 
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TI Protamine, polybrene, and the ant i thrombin action of heparin 
AB The ant i thrombin actions of heparin and normal plasma ant i thrombin are 
quite sep. effects. The antiheparins do not interfere with the 
progressive action of normal plasma antithrombin but neutralize the 
ability of heparin in conjunction with the plasma heparin cofactor to 
inactivate thrombin. Protamine and polybrene have the capacity 
to reverse the process of inactivation of thrombin by heparin and cofactor 
with the consequent release of thrombin activity. However, reversal does 
not follow the pattern of neutralization of heparin in that not all the 
inactivated thrombin is released by antiheparin at levels exceeding the 
neutralization point. The heparin cofactor complex provides an immediate 
and nonprogressive inactivation of thrombin and the action of heparin 
antagonists in reversing this effect produces an immediate and 
nonprogressive liberation of thrombin activity. Heparin and cofactor, 
therefore, merely inactivate thrombin without disposing of it. However, 
normal plasma antithrombin continues to degrade the thrombin held inactive 
by the complex so that the thrombin is eventually completely eliminated. 
Chromatographic evidence for the existence of a heparin-cofactor-thrombin 
complex was provided by gel filtration studies using Sephadex G-150. The 
implications of all these findings are discussed in relation to the 
function of heparinized intravascular prostheses. 
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TI The effect of heparin on the early stages of blood coagulation 
'AB Heparin combines with and inactivates Christmas factor by forming a 

reversible complex. Conversely, Christmas factor of plasma or serum, and 
especially the latter, platelet protein, and platelet-like activity of serum 
inactivate heparin. None of the other plasma or serum proteins act in 
this way. Prolongation of the clotting time of whole blood by addition of 
heparin appears to be due to the inactivation of Christmas factor by 
heparin. Some properties of the factor responsible for the platelet-like 
activity of serum, and its possible role in normal coagulation are 
discussed. The affinity of certain serum and plasma fractions for heparin 
was reported to be: p-lipoproteins < thrombin clotting system < 



Christmas factor < 
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TI A heparin- inactivating material of the hypophysis front lobe 

AB The antiheparin effect of a Cibacthen-NaCl solution is not changed after 

1-hr. boiling in acid; its strength decreases at pH 7.3 to 11.0. Citrates 
or oxalated plasma as such or heated for 2 hrs . at 50° causes after 
several hrs. a decrease in antiheparin effect of Cibacthene, more so at 
37° than at 5°. The physiol. NaCl extract of the hypophysis 
front lobe residue after adrenocorticotropin (ACTH) removal has the same 
characteristics as Cibacthen. The antiheparin substance contained in 
either can be dialyzed or ultraf iltered. They prevent metachromasia of 
toluidine blue solution to violet-red by heparin in quantities insufficient 
to show in clotting tests. The material is not of protein, 
protamine, or ACTH nature. 
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AMINO ACID COMPOSITION HETEROGENEITY AND ANTIHEPARIN ACTIVITY OF 
PROTAMINE SULFATE FROM STURGEON MILT ROE ACIPENSER-STURIO . 
The homogeneous preparation of protamine sulphate is obtained 
chromatographically and electrophoretically from milt roe of the sturgeon. 
Its amino acid composition and properties are studied. The methods of 
blockade the functional groups of protamine sulphate amino acids 
is used to investigate the possible mechanism of heparin 
inactivation • 
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TI The minimal functional sequence of protamine - 

AB Despite its nearly universal applications, protamine, a mixture 

of four major peptides with different sequences, is associated with 

clinically significant side effects. Through a well-designed enzyme 

digestion method, various low molecular weight 

protamine peptides were obtained. Among them, two low 

molecular weight protamine peptides with the 

same or even more potent heparin neutralization abilities as 

native protamine were identified through both in vitro and in 

vivo tests. In addition, in vivo experiments showed that compared to 

native protamine, these two low molecular 

weight protamine peptides were less toxic and would be 

safer for clinical use. 
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TI A less toxic heparin antagonist- -low molecular 

weight protamine. 
AB A new thirteen amino acid peptide, named low molecular 

weight protamine (LMWP) , was obtained through the 



enzymatic digestion of native protamine. Both in vitro and in 
vivo results showed that LMWP fully maintained the heparin 
neutralization function of protamine but had much lower 
immunogenic ity and antigenicity. Unlike protamine/ neither LMWP 
nor LMWP/heparin complexes caused significant blood platelet 
aggregation in rats. These results suggest that LMWP can be used as a 
substitute for protamine for developing a new generation of 
nontoxic heparin antagonists. 
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*TI Low molecular weight protamine as 
nontoxic heparin/low molecular 

weight heparin antidote (III) : preliminary in vivo 
evaluation of efficacy and toxicity using a canine model. 
AB Heparin employed in cardiovascular surgeries often leads to a 

high incidence of bleeding complications. Protamine employed in 
heparin reversal, however, can cause severe adverse reactions. In 
an attempt to address this clinical problem, we developed low 
molecular weight protamine (LMWP) as a 

potentially effective and less toxic heparin antagonist. A 
homogeneous 1880-d peptide fragment, termed LMWP-TDSP5 and containing the 
amino acid sequence of VSRRRRRRGGRRRR , was derived directly from 
protamine by enzymatic digestion of protamine with 

thermolysin. In vitro studies demonstrated that TDSP5 was capable of 
neutralizing various anticoagulant functions of both heparin and 
commercial low molecular weight 

heparin preparations. In addition, TDSP5 exhibited significantly 
reduced crossreactivity toward mouse sera containing antiprotamine 
antibodies. TDSP5 showed a decrease in its potential in activating the 
complement system. All of these findings suggested the possibility of 
markedly reduced protamine toxicity for TDSP5 . In this article, 
we conducted preliminary in vivo studies to further demonstrate the 
feasibility and utility of using LMWP as a nontoxic clinical 
protamine substitute. Dogs were chosen as test animals because 
they were known to magnify the typical human response to protamine 

By using a full spectra of biological and clinical assays for 
heparin, including the anti-IIa and anti-Xa chromogenic assays and 
the activated partial, thromboplastin time and TCT clotting assays, TDSP5 
showed that it could completely neutralize all these different 
anticoagulant functions of heparin in dogs. Although 
administration of protamine in dogs produced a significant 
reduction in mean arterial blood pressure (-14.9 mm Hg) and elevation in 
pulmonary artery systolic pressure (+5.0 mm Hg) , the use of TDSP5 in dogs 
did not elicit any statistically significant change in any of the 
variables measured. Furthermore, the use of LMWP also significantly 



reduced the protamine- induced transient thrombocytopenic and 
granulocytopenic responses. The white blood cell counts and platelet 
counts decreased to 82.1% and 60.0% of baseline, respectively, in dogs 
given intravenous protamine compared to 97.8% and 88.6% of 
baseline in dogs receiving TDSP5. These preliminary findings indicated 
that LMWP could potentially provide an effective and safe means to control 
both heparin- and protamine -induced complications. 
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TI Low molecular weight protamine 

(LMWP) as nontoxic heparin/low molecular 

weight heparin antidote (II) : in vitro evaluation of 

efficacy and toxicity. 
AB Patients undergoing anticoagulation with heparin or low 

molecular weight heparin (LMWH) require a 

superior antidote that possesses more selective biological actions and a 
better safety profile than protamine. We had previously 
developed 2 low molecular weight 

protamine (LMWP) fractions (TDSP4 and TDSP5) from 
thermolys in-digested protamine as potential nontoxic, 
heparin-neutralizing agents. In this, the second article in this 
series, studies focused on in vitro evaluation of heparin 
/LMWH-neutralizing efficacy and putative toxicity. These LMWP fractions, 
particularly TDSP5, were effective and fully capable of neutralizing a 
broad spectrum of heparin- induced anticoagulant activities (ie, 
aPTT, anti-Xa, and anti-IIa activities) . Additionally, these LMWP 
fractions could neutralize the activities of commercial LMWH. As assessed 
by the anti-Xa assay, TDSP5 was as effective as, although less potent 
than, protamine in reversing the activity of Mono-Embolex 
(molecular weight 5000-7000) and 2 other different sizes (molecular weight 
of 3000 and 5000 d) of LMWH preparations. Furthermore, compared with 
protamine, TDSP5 exhibited a much-reduced toxicity and thus an 
improved safety profile, as reflected by its reduced ability to activate 
the complement system and cross -react with the antiprotamine antibodies, 
which are 2 primary indices of protamine toxicity. 
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*TI Low molecular weight protamine 

(LMWP) as nontoxic heparin/low molecular 
weight heparin antidote (I) : preparation and 
characterization. 

AB Low molecular weight protamine 

(LMWP) appears to be a promising solution for heparin 
neutralization without the protamine-associated catastrophic 
toxic effects. The feasibility of this hypothesis was proven previously 
by using a peptide mixture produced from proteolytic digestion of 
protamine. To further examine the utility of this compound as an 
ultimate nontoxic protamine substitute, detailed studies on the 
purification and characterization of LMWP including the precise amino acid 
sequence, structure- function relationship, and possible mechanism were 
conducted. A number of LWMP fragments, composed of highly cat ionic 
peptides with molecular weights ranging from 700 to 1900 d, were prepared 
by digestion of native protamine with the protease thermolysin. 
These fragments were fractionated using a heparin affinity 
chromatography, and their relative binding strengths toward 
heparin were elucidated. Five distinct fractions were eluted at 
NaCl concentration ranging from 0.4 to 1.0 M and were denoted as TDSP1 to 
TDSP5, in increasing order of eluting ionic strength. Among these 5 
fractions, TDSP4 and TDSP5 contained 3 LMWP peptide fragments, and they 
were found to retain the complete heparin-neutralizing function 
of protamine. By using a peptide mass spectrometry (MS) 
fingerprint mapping technique, the amino acid sequences of the 
microheterogeneous LMWP fragments in all these 5 elution fractions were 
readily identified. A typical structural scaffold made by arginine 
clusters in the middle and nonarginine residues at the N-terminal of the 
peptide sequence was observed for all these LMWP fragments. By aligning 
the sequences with the potency in heparin neutralization of 
these LMWP fragments, it was found that retention of potency similar to 
that of protamine required the presence of at least 2 arginine 
clusters in the LMWP fragments; such as the sequence of VSRRRRRRGGRRRR 
seen in the most potent LMWP f raction-TDSP5 . The above finding was 
further validated by using a synthetic LMWP analogue-CRRRRRRR-and it was 
found that its heparin-neutralizing ability was increased by 
changing from a monomeric to a dimeric structure of this analogue peptide. 
Based on these results, the structural requirement for a compound to 
function as an effective heparin antidote and the possible 
mechanism involved in heparin neutralization were established. 
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Low molecular weight protamine: a 

potent but nontoxic antagonist to heparin/low 

molecular weight protamine. 

To avoid bleeding complications, protamine is routinely used 

after cardiovascular surgery to neutralize the anticoagulant function of 

heparin. However, its clinical use is associated with adverse and 

sometimes fatal reactions. Based on literature review of the mechanism of 

heparin neutralization and protamine induced immunologic 

toxicity, we propose the following hypothesis: If a chain shortened 

low molecular weight protamine 

(LMWP) containing the heparin neutralizing domain could be 

derived from native protamine, it could be a potent and yet 

nontoxic heparin antagonist. In this study, we present results 

to validate this hypothesis. LMWP fragments containing an intact arginine 

sequence and an average molecular weight of approximately 1,100 daltons 

were successfully prepared by enzymatic digestion of protamine 

with thermolysin. In vitro studies show that such LMWP fragments 

completely neutralized the anticoagulant functions of heparin 

and LMWH, based on the anti-Xa chromogenic and aPTT clotting time assays. 

In vivo results reveal that although injection of protamine to 

mice led to obvious production of ant i -protamine antibodies, 

injection of LMWP did not elicit any detectable immunogenic responses. In 

addition, these LMWP fragments exhibited a markedly reduced antigenicity 

and cross-reactivity toward the mice ant i -protamine antibodies. 
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TI Low molecular weight protamine: a 

potential nontoxic heparin antagonist. 
AB Protamine sulfate is the universal clinical antagonist to 

heparin and is used routinely after cardiovascular surgery to 

neutralize the anticoagulant function of heparin. Its clinical 

use, however, is associated with adverse effects including idiosyncratic 

fatal reactions. An examination of the mechanism of heparin 

neutralization and protamine toxicity suggests that the reversal 

of heparin anticoagulation may only require a small 

arginine-rich fragment of protamine to electrostatically 

dissociate antithrombin III from its binding to a specific pentasaccharide 
sequence in heparin. A review of literature indicates that 
chain-shortened peptide fragments derived from their parent proteins are 
normally accompanied with significantly reduced antigenicity and 
immunogenicity, which are two primary contributing factors to 
protamine- induced life-threatening toxic effects via an 

immunoglobul in-mediated pathway. Based on these observations, we propose 
our general hypothesis: if a chain-shortened low 
molecular weight protamine fragment containing 

the heparin-neutralizing domain could be derived directly from a 

native protamine , it could be a potent and nontoxic 

heparin antagonist. In this article, we present our experimental 

results to support the above hypothesis. LMWP fragments containing an 

intact arginine sequence and an average molecular weight of approximately 

1.1 kDa were prepared successfully by enzymatic digestion of native 

protamine with thermolysin. In vitro studies demonstrated that 

such LMWP fragments completely neutralized the anticoagulant functions of 

heparin, based on the anti-Xa chromogenic assay and aPTT clotting 

time assay. Our in vivo results indicated that while administration of 

protamine to mice led to obvious production of antiprotamine 

antibodies, injection of LMWP did not elicit any detectable immunogenic 

responses. In addition, the LMWP fragments showed a significantly reduced 

antigenicity or, in other words, cross-reactivity towards the mice 

antiprotamine antibodies produced by the administration of 

protamine . 
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TI Immunogenic composition and method of developing a vaccine based on 



fusion protein 

AB The present invention relates to an immunogenic composition. More 
particularly, the present invention is a composition directed to 
eliciting an immune response to HIV fusion protein. The present 
invention contemplates three categories of embodiments: protein or 
protein fragments, messenger RNA, or DNA/RNA. DNA/RNA compositions may 
be either naked or recombinant. The present invention further 
contemplates use with a variety of immune stimulants. 
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TI Immunogenic composition and method of developing a vaccine based on 

cyclophilin a binding site 

AB The present invention relates to an immunogenic composition. More 
particularly, the present invention is a composition directed to 
eliciting an immune response to at least one binding site of Cyclophilin 
A on the HIV capsid protein. (SEQ ID NOS: 2, 4, and 6) The present 
invention contemplates three categories of embodiments: protein or 
protein fragments (SEQ ID NOS: 2, 4, and 6), messenger RNA, or DNA/RNA. 
DNA/RNA compositions (SEQ ID NOS 1, 3, 5, 7, 9, and 11) may be either 
naked or recombinant. The present invention further contemplates use 
with a variety of immune stimulants. 
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TI Polysaccharides for pulmonary delivery of active agents 
AB Formulation for pulmonary delivery of a therapeutic, prophylactic, or 
diagnostic agent including a low molecular 
weight heparin and a therapeutic, prophylactic, or 
diagnostic agent . 
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TI Method of developing an immunogenic composition and HIV vaccine 

AB An antigenic and immunogenic composition of predetermined inactivated 

strains of human immunodeficiency virus (HIV) is disclosed. Inactivation 
is through psoralen and ultraviolet radiation; the composition is 
rendered more effective by the removal of structural features of HIV 
that interfere with immune response. In particular, sialic acid is 
removed to enhance immune recognition of the composition and to impair 
Complement Factor H binding. CD55 and CD59 are also removed to prevent 
the binding of Complement Factor H. Determination of strains for 
inactivation may be though immunotherapeutic genotyping or probabilistic 
assessment of risk of exposure. 
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TI Immunogenic composition and method of developing a vaccine based on 

portions of the HIV matrix protein 

AB The present invention relates to an immunogenic composition. More 
particularly, the present invention is a composition directed to 
eliciting an immune response to at least one covalent binding site of 
myristate on the HIV matrix protein. The present invention contemplates 
three categories of embodiments: protein or protein fragments, messenger 
RNA, or DNA/RNA . DNA/RNA compositions may be either naked or 
recombinant. The present invention further contemplates use with a 
variety of immune stimulants. 
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TI Immunogenic composition and method of developing a vaccine based on 

factor H binding sites 

AB An immunogenic composition able to provide an immune response to Human 
Complement Factor H binding on one or more HIV glycoproteins is 
disclosed, which is characterized by at least one binding site epitope 
of the glycoproteins. Such immunogenic composition wherein the 
glycoprotein comprises gpl20, gp41, or both glycoproteins gpl20 and gp41 
is hereby disclosed. Sialic acid is removed to enhance immune 
recognition of the composition and to impair Factor H binding. A 



medication having an inhibit ive action on autoimmune response by 
specific inhibition of the cleavage of C3b by Factor H into inactive 
cell fragments. 
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TI Protamine fragment compositions and methods of use 

AB Provided are bioactive, low-toxicity protamine fragments, 

compositions, combinations, kits and methods of using these components 

in a variety of embodiments, including neutralizing heparin 

and reducing post -operative bleeding. Improved protamine 

fragment -insulin solutions and methods for treating diabetes are also 

provided. 
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TI Drug delivery compositions 

AB The present invention relates to multi component compositions and methods 
of administering these compositions, which specifically translocate 
therapeutic molecules (e.g., drugs or prodrugs) across biological 
membranes thus reducing potential toxic side effects on nontargeted 
cells and tissues. 
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TI Methods and products for mucosal delivery 

AB The invention features methods and products associated with non-invasive 
delivery of polysaccharide preparations. 
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TI Protamine fragment compositions and methods of use 

AB Provided are bioactive, low-toxicity protamine fragments, 

compositions, combinations, kits and methods of using these components 

in a variety of embodiments, including neutralizing heparin 

and reducing post-operative bleeding. Improved protamine 

fragment -insulin solutions and methods for treating diabetes are also 

provided. 
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TI The minimal functional sequence of protamine. 

AB Despite its nearly universal applications, protamine, a mixture 

of four major peptides with different sequences, is associated with 

clinically significant side effects. Through a well-designed enzyme 

digestion method, various low molecular weight 

protamine peptides were obtained. Among them, two low 

molecular weight protamine peptides with the 

same or even more potent heparin neutralization abilities as 



native protamine were identified through both in vitro and in 

vivo tests. In addition, in vivo experiments showed that compared to 

native protamine, these two low molecular 

weight protamine peptides were less toxic and would be 

safer for clinical use. .COPYRGT. 2005 Elsevier Inc. All rights reserved. 
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TI Low molecular weight protamine: A 

potent but nontoxic antagonist to heparin/low 
molecular weight protamine. 

AB To avoid bleeding complications, protamine is routinely used 

after cardiovascular surgery to neutralize the anticoagulant function of 

heparin. However, its clinical use is associated with adverse and 

sometimes fatal reactions. Based on literature review of the mechanism of 

heparin neutralization and protamine induced immunologic 

toxicity, we propose the following hypothesis: If a chain shortened 

low molecular weight protamine 

(LMWP) containing the heparin neutralizing domain could be 
derived from native protamine, it could be a potent and yet 
nontoxic heparin antagonist. In this study, we present results 
to validate this hypothesis. LMWP fragments containing an intact arginine 
sequence and an average molecular weigh of approximately 1,100 daltons 
were successfully prepared by enzymatic digestion of protamine 
with thermolysin. In vitro studies show that such LMWP fragments 
completely neutralized the anticoagulant functions of heparin 
and LMWH, based on the anti-Xa chromogenic and aPTT clotting time assays. 
In vivo results reveal that although injection of protamine to 
mice led to obvious production of ant i -protamine antibodies, 
injection of LMWP did not elicit any detectable immunogenic responses. In 
addition, these LMWP fragments exhibited a markedly reduced antigenicity 
and cross-reactivity toward the mice ant i -protamine antibodies. 
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Low molecular weight protamine: A 

potential nontoxic heparin antagonist. 

Protamine sulfate is the universal clinical antagonist to 

heparin and is used routinely after cardiovascular surgery to 

neutralize the anticoagulant function of heparin. Its clinical 

use, however, is associated with adverse effects including idiosyncratic 

fatal reactions. An examination of the mechanism of heparin 

neutralization and protamine toxicity suggests that the reversal 

of heparin anticoagulation may only require a small 

arginine-rich fragment of protamine to electrostatically 

dissociate antithrombin III from its binding to a specific pentasaccharide 
sequence in heparin. A review of literature indicates that 
chain-shortened peptide fragments derived from their parent proteins are 
normally accompanied with significantly reduced antigenicity and 
immunogenicity, which are two primary contributing factors to 
pro tamine- induced life-threatening toxic effects via an 

immunoglobulin- mediated pathway. Based on these observations, we propose 
our general hypothesis: if a chain -shortened low 
molecular weight protamine fragment containing 

the heparin-neutralizing domain could be derived directly from a 
native protamine/ it could be a potent and nontoxic 
heparin antagonist. In this article, we present our experimental 
results to support the above hypothesis. LMWP fragments containing an 
intact arginine sequence and an average molecular weigh of approximately 
1.1 kDa were prepared successfully by enzymatic digestion of native 
protamine with thermolysin. In vitro studies demonstrated that 
such LMWP fragments completely neutralized the anticoagulant functions of 
heparin, based on the anti-Xa chromogenic assay and aPTT clotting 
time assay. Our in vivo results indicated that while administration of 
protamine to mice led to obvious production of antiprotamine 
antibodies, injection of LMWP did not elicit any detectable immunogenic 
responses. In addition, the LMWP fragments showed a significantly reduced 
antigenicity or, in other words, cross-reactivity towards the mice 
antiprotamine antibodies produced by the administration of 
protamine. 
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TI Preparation of a polysaccharide for non- invasive delivery e.g. 

transdermal, pulmonary delivery involves neutralizing a polysaccharide by 
digesting the polypeptide with at least one agent which cleaves the 
polysaccharide at known locations. 

AN 2003-865518 [80] WPIDS 

AB WO2003090696 A UPAB : 20031211 

NOVELTY - Preparation (pi) of a polysaccharide for non-invasive delivery 
involves neutralizing a polysaccharide by digesting the polypeptide with 
at least one agent (Al) which cleaves the polysaccharide at known 
locations in the polysaccharide based upon its chemical signature. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) preparation (p2) of a heparin for non-invasive in vivo 
delivery (preferably pulmonary, transdermal or mucosal delivery) involving 
neutralizing a heparin by digesting with at least one agent (A2) 

based upon the chemical signature of the heparin; 

(2) preparation (p3) of a polysaccharide (preferably heparin 
-like glycosaminoglycan (HLGAG) ) for non-invasive in vivo delivery 
involving determining a chemical signature for a polysaccharide and 
reducing the mass of the polysaccharide based upon its chemical signature; 

(3) preparation (p4) of heparin (preferably low 
molecular weight heparin (LMWH) ) for 

non-invasive in vivo delivery (preferably pulmonary, transdermal or 
mucosal delivery) involving determining a chemical signature for the 
heparin and reducing the mass of the heparin based upon 
its chemical signature; 

(4) a composition (CI) for oral delivery of a heparin 
(preferably LMWH) , where the heparin has a net negative charge 
which is less than a reference net charge for the heparin; 

(5) a composition (C2) for pulmonary delivery of a heparin 
(preferably LMWH) comprising a heparin and a charge neutralizing 
agent, where the heparin has a net negative charge which is less 
than a reference net charge for the heparin; 

(6) a composition for mucosal delivery comprising M405 or M108; 

(7) delivering (p5) a sulfonated polysaccharide (preferably 
unfractionated or fractionated heparin selected from LMWH) to a 
subject involving orally administering the sulfonated polysaccharide; 

(8) a method (p6) for oral delivery of heparin (preferably 
LMWH (at least 2 mg/kg) ) or pulmonary delivery of heparin 
(preferably LMWH (at least 20 mg/puff) to a subject involving orally or 
pulmonarily administering a heparin having a net negative charge 

less than the net reference charge; 

(9) a method (p7) for delivering M405 or M108 to a subject involving 
orally administering a composition comprising M405 or M108; 

(10) a method (p8) of delivery of an HLGAG (preferably synthetic 
pentasaccharide selected from arixtra or its derivative or the compounds 
given in figure 9 of the specification) to the pulmonary system of a 
subject involving administering HLGAG to the pulmonary tissue of a subject 
to provide a preselected effect (preferably anti-Xa activity or anti-IIa 
activity) in the subject, where the dose of the HLGAG is at least 2 times 
greater than a subcutaneous or intravenous dose of the HLGAG to give the 
preselected effect; 

(11) a composition (C3) for pulmonary delivery comprising a synthetic 
HLGAG (preferably arixtra or its derivative or the compounds given in 



figure 9 of the specification) to provide a preselected effect (preferably 
anti-Xa activity or anti-IIa activity) . The composition is in a device, 
which delivers the HLGAG at a unit dose, which is at least 2 times greater 
than the unit dose used for subcutaneous or intravenous delivery of the 
HLGAG to provide a preselected effect; and 

(12) a pressurized container or dispenser comprising (C3) . 

ACTIVITY - Anticoagulant; Thrombolytic; Cardiovascular-Gen.; 
Antiarrhythmic; Vasotropic; Antiinflammatory; Antimigraine; 
Ant iarterioscl erotic; Immunosuppressive; Derma tological ; Antiallergic- 
Respiratory-Gen. ; Antiasthmatic; CNS-Gen. ; Cytostatic; Ophthalmological ; 
Osteopathic; Antiarthritic; Antipsoriatic; Neuroprotective; Nootropic; 
Cardiant; Antibacterial; Cerebroprotective; Antianginal. 

MECHANISM OF ACTION - Angiogenesis inhibitor; Inhibitor of 
neovascularization associated with eye disease; Cancer cell growth 
inhibitor; Angiogenesis -inhibitor; Angiogenesis stimulator. 

USE - In the preparation of a polysaccharide (e.g. HLGAG) or its 
composition for non-invasive in vivo delivery (claimed) and for treating 
subjects suffering from coagulation (such as thrombosis, cardiovascular 
disease, vascular conditions or atrial fibrillation) , migraine, 
atherosclerosis, inflammatory disorder (e.g. autoimmune disease or atopic 
disorders), allergy, respiratory disorder (e.g. asthma, emphysema, adult 
respiratory distress syndrome, cystic fibrosis or lung reperfusion 
injury) , cancer or metastatic disorder, angiogenic disorder (such as 
neovascular disorders of the eye, osteoporosis, psoriasis, arthritis, 
Alzheimer's or is undergoing or having undergone surgical procedure, organ 
transplant, orthopedic surgery, hip replacement, knee replacement and 
fracture (e.g. hip fracture, percutaneous coronary intervention, stent 
placement, angioplasty, coronary artery bypass graft surgery) (all 
claimed) . Also useful for the treatment of angiogenesis, thrombotic 
disorders, circulatory shock and related disorders. The thrombotic 
disorders include heart attack, stroke, deep venous thrombosis, acute 
coronary syndrome (e.g. -unstable angina and myocardial infarcts) . The 
vascular disorders include cerebral ischemia (e.g. stroke such as 
thromboembolic stroke and pulmonary embolism) , deep venous thrombosis and 
peripheral vascular disease. The respiratory disorders include allergy, 
ischemia-reperfusion injury of the lung, kidney, heart and gut, and lung 
tumor growth and metastasis. 
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Low molecular weight, bioactive 

protamine with reduced immunoresponsiveness , useful for 
neutralizing heparin and reducing post -operative bleeding. 
2000-602108 [57] WPIDS 
WO 200055196 A UPAB: 20001109 

NOVELTY - A purified bioactive protamine with a low 
molecular weight and reduced immunoresponsiveness or 
toxicity compared to native protamine/ is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: 

(1) a method of preparing a protamine (as above) comprising 
proteolysis of native protamine with a proteolytic enzyme; and 

(2) a method of selecting an improved low molecular 
weight protamine species or fraction comprising 

comparing the bioactivity and immunoresponsiveness/toxicity of the 
bioactive protamine with native protamine- 

ACTIVITY - Antidiabetic; coagulant; anticoagulant. 

No biological data given. 

MECHANISM OF ACTION - Heparin Antagonist. 

USE - The bioactive protamine is useful for binding or as 
an antagonist to heparin or low molecular 
weight heparin, as a coagulant or to reverse 



ant i -coagulant activity of heparin or LMW (low 
molecular weight) heparin and to reduce undue, 

excessive (e.g. associated with systemic heparinization, extracorporeal 
blood circulation, disease or trauma/surgery) or post -operative bleeding. 
Compositions comprising several bioactive protamines and optionally an 
additional coagulant or therapeutic protein/polypeptide, e.g. insulin 
(especially recombinant human insulin) may also be used. The composition 
may also be used to prolong adsorption of insulin, especially in treating 
diabetes. The bioactive protamine is used to inactivate (LMW) 
heparin (claimed) . 
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TI Anticoagulant monitoring using a polycation-sensitive sensor and 
neutralization with low molecular weight 
protamine 



AB Unavailable 
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TI A Less Toxic Heparin Antagonist -Low Molecular 
Weight Protamine 

AB A new thirteen amino acid peptide, named low mol . weight protamine 
(LMWP) , was obtained through the enzymic digestion of native 
protamine. Both in vitro and in vivo results showed that LMWP 
fully maintained the heparin neutralization function of 
protamine but had much lower immunogenicity and antigenicity. 
Unlike protamine, neither LMWP nor LMWP/heparin 

complexes caused significant blood platelet aggregation in rats. These 
results suggest that LMWP can be used as a substitute for 
protamine for developing a new generation of nontoxic 
heparin antagonists. 
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TI Low molecular weight protamine as 
nontoxic heparin/low molecular 

weight heparin antidote. (Ill) : Preliminary in vivo 
evaluation of efficacy and toxicity using a canine model 
AB Heparin employed in cardiovascular surgeries often leads to a 

high incidence of bleeding complications. Protamine employed in 

heparin reversal, however, can cause severe adverse reactions. In 

an attempt to address this clin. problem, we developed low mol. weight 

protamine (LMWP) as a potentially effective and less toxic 

heparin antagonist. A homogeneous 1880-d peptide fragment, termed 

LMWP-TDSP5 and containing the amino acid sequence of VSRRRRRRGGRRRR, was 

derived directly from protamine by enzymic digestion of 

protamine with thermolysin. In vitro studies demonstrated that 

TDSP5 was capable of neutralizing various anticoagulant functions of both 

heparin and com. low-mol . -weight heparin prepns . In addition, 

TDSP5 exhibited significantly reduced cross reactivity toward mouse sera 
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suggested the possibility of markedly reduced protamine toxicity 

for TDSP5. 
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Low molecular weight protamine 
(LMWP) as nontoxic heparin/low molecular 
weight heparin antidote. (II) : In vitro evaluation of 
efficacy and toxicity 

Patients undergoing anticoagulation with heparin or low-mol . -weight 
heparin (LMWH) require a superior antidote that possesses more 
selective biol . actions and a better safety profile than protamine 

We had previously developed 2 low-mol . -weight protamine (LMWP) 
fractions (TDSP4 and TDSP5) from thermolys in-digested protamine 
as potential nontoxic, heparin-neutralizing agents. In this, 
the second article in this series, studies focused on in vitro evaluation 
of heparin/LMWH-neutralizing efficacy and putative toxicity. 
These LMWP fractions, particularly TDSP5, were effective and fully capable 
of neutralizing a broad spectrum of heparin- induced 

anticoagulant activities (i.e., aPTT, anti-Xa, and anti-IIa activities). 
Addnl., these LMWP fractions could neutralize the activities of com. LMWH. 
As assessed by the anti-Xa assay, TDSP5 was as effective as, although less 
potent than, protamine in reversing the activity of Mono-Embolex 
(mol. weight 5000-7000) and 2 other different sizes (mol . weight of 3000 and 
5000 D) of LMWH prepns . Furthermore, compared with protamine, 
TDSP5 exhibited a much-reduced toxicity and thus an improved safety 
profile, as reflected by its reduced ability to activate the complement 
system and cross-react with the ant i -protamine antibodies, which 
are 2 primary indexes of protamine toxicity. 
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TI Low molecular weight protamine 

(LMWP) as nontoxic heparin/low molecular 

weight heparin antidote. (I) : Preparation and 

characterization 

AB Low-mol . -weight protamine (LMWP) appears to be a promising solution 
for heparin neutralization without the protamine 

-associated catastrophic toxic effects. The feasibility of this hypothesis 

was proven previously by using a peptide mixture produced from proteolytic 

digestion of protamine. To further examine the utility of this 

compound as an ultimate nontoxic protamine substitute, detailed 

studies on the purification and characterization of LMWP including the precise 

amino acid sequence, structure- funct ion relationship, and possible 

mechanism were conducted. A number of LWMP fragments, composed of highly 

cationic peptides with mol . wts. ranging from 700 to 1900 D, were prepared 

by digestion of native protamine with the protease thermolysin. 

These fragments were fractionated using a heparin affinity 

chromatog., and their relative binding strengths toward heparin 

were elucidated. Five distinct fractions were eluted at NaCl concentration 

ranging from 0.4 to 1.0 M and were denoted as TDSP1 to TDSP5, in 

increasing order of eluting ionic strength. Among these 5 fractions, 

TDSP4 and TDSP5 contained 3 LMWP peptide fragments, and they were found to 

retain the complete heparin-neutralizing function of 

protamine. By using a peptide mass spectrometry (MS) fingerprint 

mapping technique, the amino acid sequences of the microheterogeneous LMWP 

fragments in all these 5 elution fractions were readily identified. A 

typical structural scaffold made by arginine clusters in the middle and 

non-arginine residues at the N-terminal of the peptide sequence was observed 

for all these LMWP fragments. By aligning the sequences with the potency 

in heparin neutralization of these LMWP fragments, it was found 

that retention of potency similar to that of protamine required 

the presence of at least 2 arginine clusters in the LMWP fragments; such 

as the sequence of VSRRRRRRGGRRRR seen in the most potent LMWP 

f raction-TDSP5 . The above finding was further validated by using a 

synthetic LMWP analog, CRRRRRRR, and it was found that its heparin 

-neutralizing ability was increased by changing from a monomeric to a 

dimeric structure of this analog peptide. Based on these results, the 

structural requirement for a compound to function as an effective 

heparin antidote and the possible mechanism involved in 

heparin neutralization were established. 
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Reduced Reactivity Towards Ant i- Protamine Antibodies of a 
Low Molecular Weight Protamine 

Analogue 

The authors previous study showed that a low mol . weight protamine 
(LMWP) analog derived from native protamine could completely 
neutralize the anticoagulant functions of heparin and yet did 
not yield cross-reactivity towards mouse ant i -protamine 
antibodies. Preliminary results presented in this short communication 
further confirm this lack of reactivity of LMWP towards human anti- 
protamine antibodies, using sera obtained from diabetic patients 
with prior sustained exposure to protamine-containing insulin. This 
finding is of clin. significance, since it may allow LMWP to be used 
safely in heparin reversal following cardiovascular surgeries 
without the concern of eliciting any possible life- threatening, 
protamine -induced anaphylactic responses. 
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TI Low molecular weight protamine- A 

potent but nontoxic antagonist to heparin/low 

molecular weight protamine 

AB To avoid bleeding complications, protamine is routinely used 

after cardiovascular surgery to neutralize the anticoagulant function of 

heparin. However, its clin. use is associated with adverse and 

sometimes fatal reactions. Based on literature review of the mechanism of 

heparin neutralization and protamine induced immunol . 

toxicity, the authors propose the following hypothesis. If a chain 

shortened low mol. weight protamine (LMWP) containing the 

heparin neutralizing domain could be derived from native 

protamine, it could be a potent and yet nontoxic heparin 

antagonist. In this study, we present results to validate this 

hypothesis. LMWP fragments containing an intact arginine sequence and an 

average 

mol. weigh of approx. 1,100 daltons were successfully prepared by enzymic 

digestion of protamine with thermolysin. In vitro studies show 

that such LMWP fragments completely neutralized the anticoagulant 

functions of heparin and LMWH, based on the anti-Xa chromogenic 

and aPTT clotting time assays. In vivo results reveal that although 



injection of protamine to mice led to obvious production of anti- 
protamine antibodies, injection of LMWP did not elicit any- 
detectable immunogenic responses. In addition, these LMWP fragments 
exhibited a markedly reduced antigenicity and cross-reactivity toward the 
mice ant i -protamine antibodies. 
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*TI Low molecular weight protamine: a 

potential nontoxic heparin antagonist 

AB Protamine sulfate is the universal clin. antagonist to 

heparin and is used routinely after cardiovascular surgery to 

neutralize the anticoagulant function of heparin. Its clin. 

use, however, is associated with adverse effects including idiosyncratic 

fatal reactions. An examination of the mechanism of heparin 

neutralization and protamine toxicity suggests that the reversal 

of heparin anticoagulation may only require a small 

arginine-rich fragment of protamine to electrostatically dissociate 

antithrombin III from its binding to a specific pentasaccharide sequence 

in heparin. A review of literature indicates that 

chain- shortened peptide fragments derived from their parent proteins are 
normally accompanied with significantly reduced antigenicity and 
immunogenicity, which are two primary contributing factors to 
protamine -induced life- threatening toxic effects via an 

Ig-mediated pathway. Based on these observations, the authors propose the 

authors general hypothesis: if a chain-shortened low mol . weight 

protamine (LMWP) fragment containing the heparin 

-neutralizing domain could be derived directly from a native 

protamine, it could be a potent and nontoxic heparin 

antagonist. In this article, the authors present the authors exptl. 

results to support the above hypothesis. LMWP fragments containing an intact 

arginine sequence and an average mol. weigh of approx. 1.1 kDa were prepared 

successfully by enzymic digestion of native protamine with 

thermolysin. In vitro studies demonstrated that such LMWP fragments 

completely neutralized the anticoagulant functions of heparin, 

based on the anti-Xa chromogenic assay and aPTT clotting time assay. The 

authors in vivo results indicated that while administration of 

protamine to mice led to obvious production of antiprotamine 

antibodies, injection of LMWP did not elicit any detectable immunogenic 

responses. In addition, the LMWP fragments showed a significantly reduced 

antigenicity or, in other words, cross-reactivity towards the mice 

antiprotamine antibodies produced by the administration of 

protamine . 
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TI The minimal functional sequence of protamine. 

AB Despite its nearly universal applications, protamine, a mixture 

of four major peptides with different sequences, is associated with 

clinically significant side effects. Through a well-designed enzyme 

digestion method, various low molecular weight 

prolamine peptides were obtained. Among them, two low 

molecular weight prolamine peptides with the same or 

even more potent heparin neutralization abilities as native 

prolamine were identified through both in vitro and in vivo tests. In 

addition, in vivo experiments showed that compared to native prolamine, 

these two low molecular weight 

protamine peptides were less toxic and would be safer for clinical 

use. (c) 2005 Elsevier Inc. All rights reserved. 
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TI A less toxic heparin antagonist: Low molecular 
weight protamine. 

AB A new thirteen amino acid peptide, named low molecular 
weight protamine (LMWP) , was obtained through the 
enzymatic digestion of native protamine. Both in vitro and in 
vivo results showed that LMWP fully maintained the heparin 
neutralization function of protamine but had much lower 
immunogenicity and antigenicity. Unlike protamine, neither LMWP 
nor LMWP/heparin complexes caused significant blood platelet 
aggregation in rats. These results suggest that LMWP can be used as a 
substitute for protamine for developing a new generation of 
nontoxic heparin antagonists. 
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TI Low molecular weight protamine: A 

potential nontoxic heparin antagonist. 
*AB Protamine sulfate is the universal clinical antagonist to 

heparin and is used routinely after cardiovascular surgery to 

neutralize the anticoagulant function of heparin. Its clinical 

use, however, is associated with adverse effects including idiosyncratic 

fatal reactions. An examination of the mechanism of heparin 

neutralization and protamine toxicity suggests that the reversal 

of heparin anticoagulation may only require a small 

arginine-rich fragment of protamine to electrostatically 

dissociate antithrombin III from its binding to a specific pentasaccharide 
sequence in heparin. A review of literature indicates that 
chain-shortened peptide fragments derived from their parent proteins are 
normally accompanied with significantly reduced antigenicity and 
immunogenic ity, which are two primary contributing factors to 
protamine- induced life-threatening toxic effects via an 

immunoglobul in-mediated pathway. Based on these observations, we propose 
our general hypothesis: if a chain-shortened low 
molecular weight protamine fragment containing 

the heparin-neutralizing domain could be derived directly from a 

native protamine, it could be a potent and nontoxic 

heparin antagonist. In this article, we present our experimental 

results to support the above hypothesis. LMWP fragments containing an 

intact arginine sequence and an average molecular weigh of approximately 

1.1 kDa were prepared successfully by enzymatic digestion of native 

protamine with thermolysin. In vitro studies demonstrated that 

such LMWP fragments completely neutralized the anticoagulant functions of 

heparin, based on the anti-Xa chromogenic assay and aPTT clotting 

time assay. Our in vivo results indicated that while administration of 

protamine to mice led to obvious production of antiprotamine 

antibodies, injection of LMWP did not elicit any detectable immunogenic 

responses. In addition, the LMWP fragments showed a significantly reduced 

antigenicity or, in other words, cross-reactivity towards the mice 

antiprotamine antibodies produced by the administration of 

protamine . 
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The minimal functional sequence of protamine; 
low molecular weight protamine 

peptide sequence preparation via well -designed enzyme digestion method 
for use in gene therapy 
2005-27150 BIOTECHDS 

AUTHOR ABSTRACT - Despite its nearly universal applications, 
protamine, a mixture of four major peptides with different 
sequences, is associated with clinically significant side effects. 
Through a well -designed enzyme digestion method, various low 
molecular weight prolamine peptides were obtained. 
Among them, two low molecular weight 

prolamine peptides with the same or even more potent heparin 

neutralization abilities as native prolamine were identified through both 

in vitro and in vivo tests. In addition, in vivo experiments showed that 

compared to native prolamine, these two low molecular 

weight protamine peptides were less toxic and would be 

safer for clinical use. (c) 2005 Elsevier Inc. All rights reserved. (7 

pages) 
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